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Ambient temperature a i r  o x i d a t i o n  o f  coa l  (weathering) i s  a problem i n  storage, 
u t i 1  izat ion,  and c h a r a c t e r i z a t i o n .  
to luene insoluble.  p y r l d i n e  s o l u b l e  (TIPS) f r a c t i o n s  of I l l i n o i s  coa ls  i so la ted  by 
conventional Soxhlet ex t rac t i on  d i f f e r e d  i n  number average molecular weights, phenol 
contents, and elemental analyses from the  TIPS f r a c t i o n s  i so la ted  by t h e  s l u r r y /  
cen t r i f uga t ion  method. Several Soxhlet f r a c t i o n s  would no t  completely red isso lve  i n  
t h e  ex t rac t i on  so lvent  and phenol and oxygen contents were unreproducible. 
problems have been t r a c e d  t o  o x i d a t i o n  dur ing  ex t rac t i on  and subsequent work-up. 
unremoved e x t r a c t i o n  solvents. and contaminat ion o f  Soxhlet  ex t rac ts  by co l l o ids .  
The procedure descr ibed below avoids these problems and g ives  reproducible y l e l d s  o f  
so lub le  ex t rac ts  w i t h  good mate r ia l  balances. Sequential ex t rac t i on  o f  coal w i t h  
to luene fol lowed by M F .  OMF. and py r id ine  shows t h a t  weathering lowers the  t o t a l  
ex t rac t  y ie ld .  s h i f t s  t h e  d i s t r i b u t i o n  from p o l a r  so lub le  toward non-polar solubles. 
and increases t h e  amount o f  c o l l o i d s  i n  t h e  crude ex t rac ts .  

Th is  work grew o u t  o f  our observations t h a t  

The 

Coal samples were s to red  i n  argon f lushed desiccators and handled i n  n i t rogen 
Szmples groung t o  -100 mesh i n  a n i t rogen 

C and 0.05 T o r r  (%tandard 
flushed g love  bags as  much as possible.  
f lushed b a l l  m i l l  were d r ied  t o  constant weight a t  100 
condi t ions")  i n  a l a r g e  Abderhalden apparatus(1) be fore  use. Soxhlet thimbles were 
washed w i t h  t h e  so lvents  t o  be used and d r ied  t o  constant weight under standard 
condi t ions.  Solvents were d r i e d  and d i s t i l l e d  under an A r  atmosphere before use. 

Soxhlet e x t r a c t i o n  o f  an 6-10 g sample o f  t h e  coa ls  described i n  Table 1 w i t h  
approximately 120 mL o f  A r  purged solvent.  under an A r  atmosphere. was continued f o r  
two t o  seven days w i t h  each so lvent  (Scheme). Two, 3 L RB f l a s k s  were attached t o  
t h e  i n e r t  gas system as b a l l a s t  tanks; otherwise when t h e  Soxhlet  apparatus cycled, 
a i r  was sucked back i n t o  t h e  system through t h e  o i l  bubbler a t  t h e  gas e x i t .  
inso lub le  res idue was washed f r e e  o f  so lvents  w i t h  two or t h r e e  cyc les  o f  00% 
methanol/water f o r  t h r e e  hours each i n  t h e  Soxhlet  apparatus, fo l lowed by dry lng  o f  
t h e  residue i n  t h e  t h i m b l e  t o  cons tan t  weight under standard condi t lons.  

Soluble f r a c t i o n s  were f i l t e r e d ,  under an A r  blanket. through a Nylon M i l l i p o r e  
AP p r e - f i l t e r  and a 0.45 fim M i l l i p o r e  f i l t e r .  fo l lowed by removal o f  bu lk  solvent on 
t h e  ro ta ry  evaporator and d ry ing  t o  constant welght under standard condi t lons.  Col- 
l o i d a l  ma te r ia l  c o l l e c t e d  on t h e  f i l t e r  was counted as p a r t  o f  t h e  residue. DClF and 
py r ld ine  so lub le  f r a c t i o n s  were washed t h r e e  o r  four  t imes w l t h  808 methanollwater 
and recovered by c e n t r i f u g a t i o n  a t  2800 G p r i o r  t o  Abderhalden drying. RFova l  o f  
solvents was monitored by t h e  l o s s  o f  shaip I R  bands a t  1661 and 1386 cm- f o r  OMF 
and a t  1537, 1485, 1253. 750, and 650 cm- 

on a N ico le t  PO-DXB spectrometer a t  2 cm- Argon purged py r id ine  so l -  
u t i ons  o f  coa l  f r a c t i o n s  were spun f o r  5 - 12 hrs a t  24.000 rpm I n  a Beckman L3-50 
U l t racen t r i f uge  us ing  s ta ln less  s tee l  sample tubes I n  t h e  SW27 rotor.  

The 

f o r  pyr ld ine .  F i g u r e  1. 

reso lu t ion .  
F T - I R  spectra o f  coal  f rac t ions ,  as fBr  p e l l e t s  (3.0 mg/300 mg). were recorded 

The c lea r ing  

146 



f a c t o r  ( k )  f o r  t h i s  experiment was 136; average Re la t i ve  Cen t r i f uga l  F i e l d  ( K F )  = 
76,000 G; maximum RCF = 104,000 G.(2) GPC analyses o f  coal  f r a c t i o n s  a t  6.0 ng/nL 
i n  p y r i d i n e  were perform d on a three-column t r a i n  o f  AS1 U l t rage l  s i z e  exc lus ion 
columns (100. 500. 1000 8) using HPLC Srade p y r i d i n e  a t  1.0 n i l h i i n  as mobi le  phase 
w i t h  Re f rac t i ve  Index detection. The system has an e f f i c i e n c y  o f  7.150 f o r  t o luene  
and i s  c u r r e n t l y  c a l i b r a t e d  w i t h  po lystyrene ( l i n e a r  i n  t h e  20,000 t o  100 da l ton  
reg ion) .  A 'boots t rap '  c a l i b r a t i o n  using narrow molecular weight d i s t r i b u t i o n  coal  
f r a c t i o n s  i s  i n  progress. M W  values were determined on a Knauer Model 11-00 Vapor 
Pressure Osmometer us ing p y r i a i n e  a t  90' C. 
concentrat ions were ext rapolated t o  i n f i n i t e  d i l u t i o n .  

Experimental values a t  t h r e e  o r  f ou r  

I power (A) and coal swe l l i ng  a b i l i t y  o f  t he  l a t e r  solvent.(8a. 9) 
f r ac t i ons  l ack  t h e  low molecular t a i l s  apparent i n  p y r i d i n e  f r a c t i o n s  from sequen- 
t i a l  ext ract ion,  F igures 3 - 6. TIPS i s  i s o l a t e d  by p r e c i p i t a t i o n  from t h e  t o t a l  
p y r i d i n e  e x t r a c t  w i t h  excess to luene so t h a t  a l l  to luene so lub las a r e  removed. 
However, dur ing sequential ex t rac t i on  some small  molecules a re  no t  ext racted by 

t h i s  ma te r ia l  remains t o  be ext racted by OMF o r  py r id ine .  Re-extraction of res idue 

GPC t races  o f  TIPS 

i 
\ I to luene o r  M F  because coal i s  n o t  swollen enough f o r  e f f i c i e n t  mass t ranspor t  and 



R600 (Table 2) w i t h  p y r i d i n e  produced 0.8; new e x t r a c t  and 97% recovery o f  residue, 
suggesting t h a t  l i t t l e  s o l u b l e  mater ia l  remains a f t e r  sequent ia l  extract ion.  

GPC analyses o f  each s o l u b l e  f rac t ion .  redissolved i n  pyr id ine ,  a re  p lo t ted  
together as a Molecular Size P r o f i l e .  Figures 3 - 6. The s o l i d  v e r t i c a l  bars repre- 
sent t h e  f r a c t i o n  o f  t o t a l  ex t rac t  so lub le  i n  t h e  ind ica ted  solvent.  
molecular mass sca le  cannot ye t  be used f o r  q u a n t i t a t i v e  ana lys is  o f  these coal 
f rac t ions ,  t h e  changes i n  molecular s i z e  w i t h  e x t r a c t i o n  solvent. coal rank, and 
ox ida t ion  a re  apparent. Weathered coal g ives  lower y i e l d s  i n  sequent ia l  ex t rac t i on  
(Table 2), or  s i n g l e  so lvent  ex t rac t ion .  (10) A f t e r  a p y r i d i n e  so lu t i on  o f  KW 1530 
TIPS from coal  450 (13.71 t o t a l  soluble. 8.44; TIPS) was exposed t o  a i r  f o r  4 gays, 
86% by weight remained p y r i d i n e  soluble.  Th is  mater ia l  had a t4W o f  1498 and 
produced no f u r t h e r  p r e c i p i t a t e  upon add i t i ona l  a i r  exposure. P y r i d i n e  ex t rac ts  o f  
weathered coa ls  a r e  l e s s  prone t o  ox ida t i on  induced p rec ip i t a t i on .  as i f  ox ida t ion  
causes c ross- l ink ing  which renders a p o r t i o n  o f  t h e  coal  lnsoluble.  e i t h e r  w i t h i n  
t h e  coal  ma t r i x  b e f o r e  ex t rac t i on ,  or  i n  so lu t i ons  o f  ex t rac ts  l a t e r .  - 
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TABLE 1 

ELEMENTAL ANALYSES (DAF) OF COALS STUDIED 

0500 I L L  5 ISGS 76.55 5.33 1.60 4.96 11.56 

0501 0 x 1 ~ ~  0500 

0600 I L L  6 ISGS 74.09 5.18 1.39 5.51 13.84 

0700 I L L  6 ISGS 78.19 5.58 1.38 5.12 9.73 

0701 OXIDb 0700 76.55 5.45 1.39 4.99 11.59 

0910 MVBi tC APCS 86d  5.3 1.9 2.8 4.0 

........................................................... 
a I l l i n o i s  S t a t e  G e o l o g i c a l  S u r v e y  
b A i r  o x i d i z e d ,  -100 mesh c o a l .  room t e m p e r a t u r e ,  6 m o n t h s  
c U p p e r  F r e e p o r t .  A g r o n n e  Premium C o a l  Sample  # 1 
d A p p r o x i m a t e ,  f i n a l  d a t a  n o t  a v a i l a b l e  f r o m  A r g o n n e  

05 00 0.82 

0501 3.57 

0600 8.47 

R600b 0.18 

0700 3.30 

0701 6.54 

0910 0.52 

7.33 

3.72 

6.16 

0.01 

6.73 

5.69 

0.14 

5.94 1.42 15.5 75.77 91.3 

4.23 2.18 13.7 86.16 99.9 

6.09 1.72 22.4 75.52 98.0 

0.43 22.17 22.8 74.85 97.6 

7.32 2.10 19.4 71.96 91.4 

4.70 1.81 18.7 72.39 91.4 

8.97 11.24 20.9 78.16 99.1 
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SCHEME 

SEQUENTIAL SOXHLET E X T R A C T I O N  

COAL 1 0 6 0 0  8 . 3 9 9 9  g 
I 
I TOLUENE 120 mL 3 0 
I 

I 

c 
TOLUENE SOL+ 8 . 4 7  % 

i 
TOLUENE I N S O L  

I 
I T H F  1 2 0  mL 3 D 
I 

--I-- 
I 

.). 
THF SOL 

I 
I DMF 120 mL 7 D 
I 

i 
T H F  I N S O L  

---I- 
I I 

+6.16 X 

I 

I 80% MeOH 
1 2 * 2 H r  
I 

--I- 

I I 

RESIDUE MeOH SOL ( < 0 . 2  X ) 

7 5 . 5 2  70 
TOTAL SOLUBLE: 2 2 . 4 4  % 

TOTAL RECOVERED: 9 7 . 9 6  % 
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FIGURE 1. ( a )  FT-IR spectrum of residue from coal 0700 conta in lng DMF and PY. 
-= Solvent absorption bands. ( b )  Spectrum o f  same residue a f t e r  80% methanol/ 
water wash and standard drying. 

FIGURE 2. 
extract  frcm coal 0701. * =  Features discussed i n  t e x t .  

FT-IR spectrum of c o l l o i d  i s o l a t e d  from M l l l i p o r e  f i l t r a t i o n  of MF 

151. 



MOLECULAR SIZE PROFILE 
GPC IN  PYRIDINE 
Coal 0600 

Y Y Y Y  Y Y Y  Y 

FIGURE 3. Combined WC t races  o f  sequential ex t rac ts  from coal 0600 (Table 2 ) .  
Concentration = 6.0 mg/mL I n  pyridine.  flow r a t e  1.8 mL/min. 

MOLECULAR SIZE PROFILE 
GPC IN PYRIDINE 
Coal 0910 

FIGURE 4. 
Concentratlon = 6.0 mg/mL i n  pyridine, flow r a t e  1.8 mL/mln. 

Canbined GPC traces of sequential extracts from coal 0910 (Table 2). 
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MOLECULAR SIZE PROFILE 
GPC IN PYRIDINE 

Coal 0700 

FIGURE 5. Combined (PC traces of sequential extracts from coal 0700 (Table 2 ) .  
Concentration = 6.0 mg/mL i n  pyridine,  flow r a t e  1.8 mL/min. 

I MOLECULAR SIZE PROFILE 
GPC IN PYRIDINE 

FIGURE 6. 
concentration = 6.0 mg/mL i n  pyr idine.  flow r a t e  1.8 mL/min. 

Comblned B C  traces o f  sequential ex t rac ts  from coal 0701 (Table 2 ) .  
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